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ABSTRACT : 

PURPOSE: To contrive to improve the photovoltaic 

conversion efficiency of a 

photovoltaic element by a method wherein at least 
one part of a doped layer, 

which is positioned on a light incident part, is 
provided with a 

polycrystalline semiconductor layer and the grains 
of a substance of a light 
refractive index smaller than that of the 
constituent substance of the 

polycrystalline semiconductor layer are contained 

in the polycrystalline 

semiconductor layer. 

CONSTITUTION: A photovoltaic element is 
constituted of a P-type layer 3p, 

which consists of a P-type polycrystalline silicon 
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layer containing the grains 

of SiO<SB>2</SB> and is a doped layer which is 

positioned on a light incident 

side, and an N-type layer 3n, which become a main 
light generating layer and 

consists of an I-type amorphous silicon layer. The 

refractive index of the 

SiO<SB>2</SB> is smaller than that of 

polycrystalline silicon. As a result, 

when light enters the photovoltaic element, the 

light is scattered by the 

grains of the SiO<SB>2</SB> in the p-type 

polycrystalline silicon layer 

constituting the layer 3p, the angle of incidence 

of the light is changed and 

the light enters a solar cell layer 3. 

Accordingly, the optical path length of 

the light in the layer 3 can be increased without 

using a transparent electrode 

with the textured surface. 
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.♦NOTICES* 

Japan Patient Office is not responsible for any 
damages caused by the use of this tramslation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] light - the photovoltaic cell characterized by consisting of an activity semi-conductor, equipping with a 
poly crystal semi-conductor layer a part of dope layer [ at least ] located in the interior at an optical incidence side in the 
photovoltaic cell in which at least one has semi-conductor junction, or the part by the side of the optical incidence of a 
main optical generation-of-electrical-energy layer, and this polycrystal semi-conductor layer containing the grain of the 
matter with an optical refractive index smaller than the constituent of this layer. 

[Claim 2] light ~ the photovoltaic cell characterized by consisting of an activity semi-conductor, equipping with a 
polycrystal semi-conductor layer a part of dope layer [ at least ] located in the interior at a light transmission side in the 
photovoltaic cell in which at least one has semi-conductor junction, or the part by the side of the light transmission of a 
main optical generation-of-electrical-energy layer, and this polycrystal semi-conductor layer containing the grain of the 
matter with an optical refractive index smaller than the constituent of this layer. 

[Claim 3] light - consisting of an activity semi-conductor, at least one semi-conductor junction in the photovoltaic cell 
which it has with a part of dope layer [ at least ] in which it is located at an optical incidence side, or the part by the side 
of the optical incidence of a main optical generation-of-electrical -energy layer inside It is the photovoltaic cell which 
equips with a polycrystal semi-conductor layer a part of dope layer [ at least ] located in a light transmission side, or the 
part by the side of the light transmission of a main optical generation-of-electrical-energy layer, and is characterized by 
this polycrystal semi-conductor layer containing the grain of the matter with an optical refractive index smaller than the 
constituent of this layer. 

[Claim 4] The photovoltaic cell of claims 1 and 2 and 3 publications which are characterized by the particle size of the 
grain of the matter with said optical small refractive index being lOnm or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the photovoltaic cell containing a polycrystal semi-conductor layer. 
[0002] 

[Description of the Prior Art] For the improvement in photoelectric conversion efficiency of the photovoltaic cell 
represented by the solar battery, a deployment of incident light is important. For this reason, the solar battery aiming at 
a deployment of incident light is known in the front face of a transparent electrode uneven-izing and by [ so-called ] 
texture-izing, scattering incident light on that front face, and lengthening the optical path length of the incident light in 
the inside of a main optical generation-of-electrical -energy layer so that it may be indicated by JP,62-7716,A. 
[0003] Moreover, as an option for a deployment of incident light, the solar battery which increased the reflection factor 
of light which penetrated from the dope layer side and reached the rear-face electrode by having equipped the interface 
of a rear-face electrode and a dope layer with the transparence conductive layer is known so that it may be indicated by 
JP,55-108780,A. 

[0004] Drawing 8 is structural drawing of the conventional solar battery. In this drawing, it is the transparent electrode 
with which, as for 1, were-izing [ the glass substrate ] and, as for 2, the front face was texture-ized. 3 is a solar-battery 
layer and consists of n-layer 3n which consists of i layer 3i and n mold amorphous silicon which consist of i mold 
amorphous silicon used as p which consist of p mold amorphous silicon carbide layer 3p, and a main optical 
generation-of-electrical-energy layer. Moreover, 4 is a transparence conductive layer and 5 is a rear-face electrode 
which consists of metals, such as Ag and aluminum. 

[0005] The light 6 which carried out incidence from the left-hand side of this drawing is scattered about on the front 
face on which the transparent electrode 2 was texture-ized, and goes into the solar-battery layer 3. Since the rate of the 
light which enters aslant into the solar-battery layer 3 at this time is increasing, when the optical path length in the 
inside of this layer 3 increases, the amount of absorption of light increases and, for this reason, a deployment of 
incident light can be aimed at. 

[0006] Moreover, it is reflected by the rear-face electrode 5 and incidence of the light penetrated to the rear-face side, 
without being absorbed by the solar-battery layer 3 is again carried out to the solar-battery layer 3. Since the interface 
of the n layer 3n and the rear-face electrode 5 which are a dope layer by the side of this Tokimitsu transparency is 
equipped with the transparence conductive layer 4, alloying with n mold amorphous silicon which constitutes n-layer 
3n in this interface, and the metal which constitutes the rear-face electrode 5 does not arise. For this reason, since the 
rear-face electrode 5 can hold a high reflection factor, the amount of the light which carries out incidence to the solar- 

__battery_lay_er_3_again_can_aim_at_a_deployment_of_increase_and_light 

[0007] 

[Problem(s) to be Solved by the Invention] However, when ** et al. and the above-mentioned transparent electrode 

were used, since the front face was texture-ized, the ununiformity of electric field arose within the solar-battery layer, 

and there was a problem that the curvilinear factor (F. F.) which is one of the solar-battery properties fell. 

[0008] Moreover, in the solar battery which prepared the transparence conductive layer in the interface of a dope layer 

and a rear-face electrode, although the problem of the alloying in this interface was solvable, since the light reflected 

with the rear-face electrode had few dispersion components, the optical path length in the inside of the solar-battery 

layer of the reflected light was short, and the room of an improvement was left behind to this point. 

[0009] This invention aims at offering a photovoltaic cell with high photoelectric conversion efficiency by solving the 

conventional above-mentioned problem and using incident light effectively. 

[0010] 

[Means for Solving the Problem] the photovoltaic cell of this invention - light ~ it consists of an activity semi- 
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conductor, a part of dope layer [ at least ] located in the interior at an optical incidence side in the photovoltaic cell in 
which at least one has semi-conductor junction, or the part by the side of the optical incidence of a main optical 
generation-of-electrical-energy layer is equipped with a polycrystal semi-conductor layer, and this polycrystal semi- 
conductor layer is characterized by including the grain of the matter with an optical refractive index smaller than the 
constituent of this layer. 

[001 1] moreover, light - it consists of an activity semi-conductor, a part of dope layer [ at least ] located in the interior 
at a light transmission side in the photovoltaic cell in which at least one has semi-conductor junction, or the part by the 
side of the light transmission of a main optical generation-of-electrical-energy layer is equipped with a polycrystal 
semi-conductor layer, and this polycrystal semi-conductor layer is characterized by including the grain of the matter 
with an optical refractive index smaller than the constituent of this layer. 

[0012] or light - consisting of an activity semi-conductor, at least one semi-conductor junction in the photovoltaic cell 
which it has with a part of dope layer [ at least ] in which it is located at an optical incidence side, or the part by the side 
of the optical incidence of a main optical generation-of-electrical -energy layer inside A part of dope layer [ at least ] 
located in a light transmission side or the part by the side of the light transmission of a main optical generation-of- 
electrical-energy layer is equipped with a polycrystal semi-conductor layer, and this polycrystal semi-conductor layer is 
characterized by including the grain of the matter with an optical refractive index smaller than the constituent of this 
layer. 

[0013] As matter with said optical small refractive index, a silicon oxide, a silicon nitride, lead oxide, tin oxide, CdS(s) 
and ZnP(s), or such mixture can be used. 

[0014] Moreover, particle size of the grain of the matter with said optical small refractive index is characterized by 
being [ lOnm or more ] 30nm or more preferably. 

[0015] 

[Function] the photovoltaic cell of this invention - light - it consists of an activity semi-conductor, and it is the 
photovoltaic cell to which at least one has semi-conductor junction inside, a part of dope layer [ at least ] located in an 
optical incidence side is equipped with a polycrystal semi-conductor layer, and this polycrystal semi-conductor layer 
contains the grain of the matter with an optical refractive index smaller than the constituent of this layer. Or the part by 
the side of the optical incidence of a main optical generation-of-electrical-energy layer is equipped with said 
polycrystal semi-conductor layer. For this reason, incident light is scattered about with the grain of the matter v^th the 
optical small refractive index in a polycrystal semi-conductor layer, and even if it does not use the transparent electrode 
which texture-ized the front face, it can increase the optical path length in the inside of a solar-battery layer. Therefore, 
a deployment of incident light can be aimed at, without producing lowering of F.F. 

[0016] Moreover, at least, or the photovoltaic cell of this invention equips the part by the side of the light transmission 
of a main optical generation-of-electrical -energy layer with the above-mentioned polycrystal semi-conductor layer. 
[ the dope layer located in a light transmission side ] For this reason, the light which has passed the semi-conductor 
layer is scattered about with the grain of the matter with the optical small refractive index in a polycrystal semi- 
conductor layer, changes an include angle, and reaches a rear-face electrode. Therefore, the dispersion component of 
the reflected light in a rear-face electrode increases, and since the optical path length increases, a deployment of 
incident light can be aimed at, 

[0017] Or the photovoltaic cell of this invention equips with the above-mentioned polycrystal semi-conductor layer a 
part of dope layer [ at least ] located in an optical incidence side or the part by the side of the optical incidence of a 
main optical generation-of-electrical-energy layer, a part of dope layer [ at least ] located in a light transmission side, or 
the part by the side of the light transmission of a main optical generation-of-electrical-energy layer. For this reason, the 
-photovoltaic eell-whieh eombined-the two above-mentioned effecti^^^ — 
high photoelectric conversion efficiency can be offered. 

[0018] As matter with said optical small refractive index, a silicon oxide, a siUcon nitride, lead oxide, tin oxide, CdS(s) 
and ZnP(s), or such mixture can be used. 

[0019] In addition, lOnm or more, since the particle size of the grain of the matter with an optical small refractive index 

is 30nm or more still more preferably, they can be effectively scattered about in incident light. 

[0020] 

[Example] Drawing 1 is structural drawing showing the example of the photovoltaic cell of this invention. In this 
drawing, 1 is a glass substrate and a transparent electrode of 6000A of thickness with which 2 consists of Sn02, and the 
front face is not texture-ized. 3 is a solar-battery layer and consists of n-layer 3n of lOOA of thickness which consists of 
i layer 3i and n mold amorphous silicon of 4000A of thickness which consists of i mold amorphous silicon used as p 
layer 3p and a main optical generation-of-electrical -energy layer of lOOOA of thickness which consists of p mold 
polycrystalline silicon which contains the grain of Si02 inside. Moreover, 4 is a transparence conductive layer which 
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xonsists of ITO, and 5 is a rear-face electrode which consists of Ag. 

\002\] The transparent electrode 2 was formed using the heat CVD method, and was formed n-layer i layer 3i and 3n 
using the plasma-CVD method. Moreover, the transparence conductive layer 4 and the rear-face electrode 5 were 
formed by the spatter. 

[0022] p mold polycrystalline silicon which is a dope layer by the side of optical incidence and which contains two 
grains of SiO(s) inside constitutes 3 [ p-layer ] from the photovoltaic cell of this example. After forming p mold 
amorphous silicon which contains oxygen using a plasma-CVD method first, this p layer 3p gives laser annealing, 
made it crystallize, and was formed. The formation conditions and laser annealing conditions of p mold amorphous 
silicon are shown in a table 1 and a table 2. 



[0023] 
[A table 11 




SIH^ : SOsccm 
JlOsccm 

^2^6"^' Ssccm 
H2 ilOOeccm 




2 0 0 t 




2 0 mW/c m ^ 




2 7 P a 


0024] 
A table 2] 






A r Fx:¥xVl^— y 






1 9 3 n m 




2 0 0 m J /^^JUX 




5 n 6 e c 




1 o^^jv:^ 






1 0 OTC 



[0025] Thus, if laser annealing is given after forming p mold amorphous silicon containing oxygen, it will crystallize 
and amorphous silicon will turn into polycrystalline silicon. As a silicon oxide of the presentation near Si02 or this, it 
distributes at random, and the oxygen contained in amorphous silicon at this time is segregated in polycrystalline 
silicon, and becomes grain-like. At the above process, p mold polycrystalline silicon which contains the grain of Si02 
inside is formed. In addition, the particle size of the grain of Si02 is controllable by changing the formation conditions 
of amorphous silicon, or the conditions of laser annealing. 
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•[0026fln this example, since the refractive index of Si02 is smaller than the refractive index (about 3.4) of about 1 .5 
'and polycrystalline silicon, if light carries out incidence to the photovoltaic cell of this example, light will be scattered 
about with the grain of Si02 in p mold polycrystalline silicon which constitutes p layer 3p, will change whenever 
[ incident angle ], and it will carry out incidence to the solar-battery layer 3. Therefore, the photovoltaic cell of this 
example can increase the optical path length of the light in the inside of the solar-battery layer 3, without using the 
transparent electrode which texture-ized the front face. For this reason, since the output current can be increased 
without producing lowering of F.F. by the ununiformity of electric field used as a problem when the transparent 
electrode which texture-ized the front face is used, photoelectric conversion efficiency can be improved. 
[0027] The photoelectric conversion efficiency of the photovoltaic cell of this example to which the particle size of two 
grains of SiO(s) was changed is shown in a table 3. In addition, although the photovoltaic cell of structure using the 
transparent electrode which does not texture-ize a front face as an example of a comparison was formed, the 
photoelectric conversion efficiency of this photovoltaic cell was 9.5%. 
[0028] 
[A table 3] 



t4S ( n m) 




5 


9. 5 


1 0 


10. 5 


2 0 


10. 7 


3 0 


10.8 


5 0 


10.9 


1 0 0 


1 0. 8 



[0029] As shown in a table 3, when the particle size of two grains of SiO(s) was 5nm, the photoelectric conversion 
efficiency of the photovoltaic cell of this example did not have enough dispersion of light, and it was the same as that 
of 9.5% and the photovoltaic cell of the example of a comparison. [ of it ] However, photoelectric conversion efficiency 
improved, particle size took for becoming large, when particle size was set to lOnm, the photoelectric conversion 
efficiency comparable as the photovoltaic cell of structure indicated to be 10.5% to drawing 8 was acquired 
conventionally, and by 30nm or more, about 1 1% of high photoelectric conversion efficiency was especially acquired. 
[0O30]-Furthermorerin-this-examplerif-the degree of-surfaeetexture-izing-eonstitutesa-tra^^^ — 
small Sn02, since lowering of F.F. can also heighten the effectiveness of dispersion of incident light further few again, 
much more improvement in photoelectric conversion efficiency can be aimed at. 

[003 1] In addition, although p mold polycrystalline silicon which contains the grain of Si02 inside constituted the 
whole p layer 3p which is a dope layer by the side of optical incidence from this example, a part of p layers may consist 
of p mold polycrystalline silicon which contains the grain of Si02 inside so that clearly from the above-mentioned 
explanation. Or the same effectiveness is acquired even if it prepares i mold polycrystalline silicon layer which contains 
the grain of Si02 inside in the part by the side of the optical incidence of i layers which is a main optical generation-of- 
electrical-energy layer. Structural drawing of the photovoltaic cell which prepared p mold polycrystalline silicon layer 
3 Ip in which drawing 2 and drawing 3 show this example to, and drawing 2 contains the grain of Si02 inside in a part 
of p layer 3p, and drawing 3 are structural drawings of the photovoltaic cell which prepared i mold polycrystalline 
silicon layer 3 li which contains the grain of Si02 inside in the part by the side of the optical incidence of i layer 3i. In 
addition, in drawing 2 , 32p is the amorphous silicon layer of p mold, and 32i and 33i are the amorphous silicon layers 
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of i mold in drawing 3 . As shown in drawing 3 (b), when preparing i mold polycrystalline silicon layer which contains 
*the grain of Si02 inside in the part by the side of the optical incidence of i layer 3i, it is not necessary to prepare this 
layer in contact with p layer 3p. 

[0032] Drawing 4 is structural drawing showing other examples of the photovoltaic cell of this invention. In this 
drawing, it is the transparent electrode which consists of Sn02 by which, as for 1, were-izing [ SnO / the glass 
substrate ] and, as for 2, the front face of 6000A of thickness was texture-ized. 3 consists of n-layer 3n of lOOOA of 
thickness which consists of n mold polycrystalline silicon which is a solar-battery layer and is a dope layer by the side 
of i layer 3i and light transmission of 3000A of thickness which consists of i mold amorphous silicon of lOOA of 
thickness which consists of p mold amorphous silicon carbide which is p layer 3p and a main optical generation-of- 
electrical-energy layer, and which contains the grain of Si02 inside. 4 is a transparence conductive layer which consists 
of ITO, and 5 is a rear-face electrode which consists of Ag. 

[0033] These forming methods are the same as the above-mentioned example. After forming n mold amorphous silicon 
which contains oxygen using a plasma-CVD method, it was made to crystallize by giving laser annealing, and n-layer 
3n which consists of n mold polycrystalline silicon which contains the grain of Si02 inside was formed. 
[0034] If light carries out incidence to the photovoltaic cell of this example, i layers will not be absorbed by 3 but the 
light which penetrated this layer will be scattered about by two grains of SiO(s) in n mold polycrystalline silicon which 
constitutes n-layer 3n. As for the scattered light, in order to change an include angle and to reach the rear-face electrode 
5, the dispersion component of light which it is reflected with the rear-face electrode 5, and carries out incidence to the 
solar-battery layer 3 again increases. For this reason, when the optical path length of the light within the solar-battery 
layer 3 increases, a deployment of light can be aimed at and the output current increases, photoelectric conversion 
efficiency improves. 

[0035] The photoelectric conversion efficiency of the photovoltaic cell of this example which the particle size of two 
grains of SiO(s) was changed, and formed it is shown in a table 4. In addition, the photoelectric conversion efficiency 
of the photovoltaic cell of structure was 10.5% conventionally which was shown in drawing 8 . 



0036] 
A table 41 


t&S ( n m) 




5 


1 0, S 


1 0 


1 0, 6 


2 0 


10.9 


3 6 


11.1 


5 0 


1 1. 3 


1 0 0 


1 1. 2 



[0037] As shown in a table 4, when the particle size of two grains of SiO(s) was 5nm, the photoelectric conversion 
efficiency of the photovoltaic cell of this example did not have enough dispersion of light, and it was conventionally 
[ 10.5% and ] the same as that of the photovoltaic cell of structure. [ of it ] However, particle size took for becoming 
large, photoelectric conversion efficiency improved, the photoelectric conversion efficiency in lOnm with a particle 
size higher than 10.6% and the former was acquired, and 1 1% or more of high photoelectric conversion efficiency was 
especially acquired by 30nm or more. 

[0038] Moreover, although n mold polycrystalline silicon which contains the grain of Si02 inside constituted n layer 
die 3n whole which is a dope layer by the side of light transmission from this example, a part of n layers may be 
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constituted from n mold polycrystalline silicon which contains the grain of Si02 inside like the above-mentioned 
example, and the same effectiveness is acquired even if it prepares i mold polycrystalline silicon layer which contains 
the grain of Si02 inside in the part by the side of the light transmission of i layers. These examples are shown in 
drawing 5 . This drawing is structural drawing of the photovoltaic cell which prepared 32n of n mold polycrystalline 
silicon layers which contain the grain of Si02 inside in the part by the side of n layer 3n light transmission. 
[0039] Drawing 6 is still more nearly another structural drawing of the photovoltaic cell of this invention. In this 
drawing (a), each constitutes n-layer p layer 3p and 3n from p mold polycrystalline silicon and n mold polycrystalline 
silicon which contain the grain of Si02 inside. Moreover, this drawing (b) is structural drawing of the photovoltaic cell 
constituted from p mold polycrystalline silicon and i mold polycrystalline silicon by the side of p layer 3p and the light 
transmission of i layers with which each contains the grain of Si02 for 3 li inside in part. By making it such structures, 
since the scattering effect of the light by the side of optical incidence and a rear face can be attained simultaneously, 
much more deployment of incident light can be aimed at. In addition, it cannot be overemphasized that the same 
effectiveness is acquired even if constituted from i mold polycrystalline silicon and n mold polycrystalline silicon with 
which each contains the grain of Si02 for the part by the side of the optical incidence of i layers and n layers inside 
instead of [ the structure of drawing 6 (b) ] 

[0040] Although amorphous silicon was used as an ingredient of a main optical generation-of-electrical-energy layer in 

the above example, it does not restrict to this and can apply also to the photovoltaic cell which used a-SiGe:H, crystal 

silicon, polycrystalline silicon, etc. as the main optical generation-of-electrical-energy layer. 

[0041] Drawing 7 is structural drawing of the photovoltaic cell which used polycrystalline silicon as a main optical 

generation-of-electrical-energy layer. In this drawing, it is n mold polycrystalline silicon layer which contains two 

grains of SiO(s) of 2 micrometers of thickness from which 7 becomes a stainless steel substrate and 8 becomes a main 

generation-of-electrical-energy layer inside. The buffer layer to which 9 changes from i mold amorphous silicon of 50A 

of thickness, p layers to which 10 changes from p mold amorphous silicon of 200 A of thickness, the transparent 

electrode with which 10 consists of ITO of lOOOA of thickness, and 1 1 are collectors which consist of Ag. 

[0042] By giving heat annealing at the temperature of 800 degrees C in a vacuum for 10 hours, solid phase growth was 

carried out and the polycrystalline silicon layer 8 which contains Si02 inside was formed, after forming n mold 

amorphous silicon which contains oxygen on the same conditions as a table 1 using a plasma-CVD method. Like the 

case of laser annealing which mentioned above also in solid phase growth, although amorphous silicon turns into 

polycrystalline silicon, by the presentation near Si02 or this, it distributes at random in polycrystalline silicon, and the 

oxygen contained in amorphous silicon in that case is segregated, and becomes granular. 

[0043] Also in the case of this example, incident light is scattered about by two grains of SiO(s) in n mold 

polycrystalline silicon 8, and when the optical path length of light increases, its output current improves. 

[0044] In addition, a silicon nitride, lead oxide, tin oxide, CdS(s) and ZnP(s), or such mixture can be used in addition to 

Si02 stated in the above example as matter with an optical small refractive index. 

[0045] 

[Effect of the Invention] The photovoltaic cell of this invention equips a part of photovoltaic-cell layer with the 
polycrystal semi-conductor layer containing the grain of the matter with an optical small refractive index. Incident light 
is scattered about with the grain of the matter with the optical small refractive index in a polycrystal semi-conductor 
layer. For this reason, according to the location in which this layer was prepared, or the optical path length in the inside 
of a photovoltaic-cell layer increases and the dispersion component of the reflected light in a rear face increases, the 
effectiveness of these both occurs and a deployment of incident light can be aimed at. 

[0046] As matter with said optical small refractive index, a silicon oxide, a silicon nitride, lead oxide, tin oxide, CdS(s) 

—and-ZnP(s),-or-such combination can be used^ 

[0047] Moreover, since lOnm or more of particle size of the grain of the matter with an optical small refractive index is 
preferably set to 30nm or more, incident light can be scattered about effectively. 

[Translation done.] 



